Expansion of maternal immunization, which offers some of the Background. most effective protection against morbidity and mortality in pregnant women and neonates, requires broad acceptance by healthcare providers and their patients. We aimed to describe issues surrounding acceptance and demand creation for maternal vaccines in Kenya from a provider perspective.
Introduction
Reductions in neonatal mortality have not kept pace with overall declines in childhood mortality, partly because neonates are too young to be vaccinated, and have therefore not benefitted from the progressive introduction of childhood vaccines globally 1 . Maternal immunizations offer some of the most effective protection against morbidity and mortality in both pregnant women and young infants 2 . The promise to confer additional protection to young infants via maternal immunization is bolstered as new vaccine candidates, such as respiratory syncytial virus (RSV), are being identified; field and clinic strategies are being employed to increase vaccine access; and behavioral-communication research findings are implemented to improve vaccine messaging strategies 2 . Expansion of maternal immunization coverage, however, requires broad acceptance by both pregnant women and their healthcare providers (HCPs) 3, 4 .
Kenya continues to contend with challenges that threaten previous gains made in immunization coverage, with noted drops in recent coverage of childhood vaccines since 2011 5 . One effective approach to maintain high coverage rates involves enabling providers to use effective messaging during patient interactions. Such a strategy builds upon patient knowledge, aids in countering misinformation, and provides a trusted source for women to confide in on maternal and child health visits 6 . Although quantitative surveys, and, to a lesser degree, qualitative studies, have contributed knowledge to address current issues regarding maternal immunization uptake in high-income settings 7 , there is a dearth of research considering low-and middle-income countries.
Parents consistently rank healthcare providers as their most trusted source of vaccine information for both maternal and childhood vaccines [8] [9] [10] [11] . The centrality of the patient-provider relationship in the promotion of immunization necessitates a comprehensive and nuanced understanding of how this relationship influences both acceptance and demand among patients. The purpose of this study is to describe issues surrounding vaccine acceptance and demand creation from a provider perspective, to inform future efforts to introduce new maternal vaccines in low-and middle-income countries. Our analysis draws on data from a large, in-depth study of determinants of maternal vaccine acceptance in Kenya.
Results
Of the final sample of 111 HCPs, 37.5% were currently working at public facilities. All HCPs interviewed were nurses (n=97) or clinical officers (n=14). Six major themes emerged from interviews: (1) the centrality of the patient-provider relationship in vaccine promotion; (2) cultural, religious, and social factors influencing vaccine acceptance among patients; (3) resources needed for improved vaccine delivery; (4) differences in provider knowledge about maternal vaccines; (5) favorable attitudes toward maternal vaccines; (6) patient access issues. Note that quotes presented in this manuscript and accompanying tables have been copyedited to improve readability. All efforts have been made to ensure the original meaning has not been changed. Direct quotes are available in the original transcripts (Dataset 1).
The centrality of the patient-provider relationship Providers expressed that they were pregnant women's primary source of health information, and that it was therefore their duty to educate pregnant women about maternal vaccines (Table 1) Providers also admitted that the relative social position of healthcare providers and patients could be a factor in high acceptance, as pregnant women are expected to defer to provider's greater knowledge and authority in health matters. In the words of one Nairobi provider: Resources needed for improved vaccine delivery Providers almost universally cited time constraints and provider overwork as barriers to providing adequate patient education about vaccines (Table 3) , with many suggesting that human resource allocation was the major limitation faced by their clinics in vaccine delivery. Many complained of overwork and long lines, factors seen as contributing to patient attrition from their clinics. In the words of a nurse at a private facility:
"We have had couples leaving because of the high queues."
Educational materials for patients were often cited as absent or inadequate, a situation that was often blamed on the shifting responsibilities to county government following devolution (political decentralization) of powers from national to county governance in 2010 (Table 3 ). Some providers suggested that patient brochures needed to be translated into local languages, as women at their clinics did not read English or Swahili. One provider in rural Marsabit explains:
"I think the information should be printed out in different languages and given to the community radio stations so that it can be explained to them, because they do not understand Swahili."
Likewise, providers expressed a desire for continuing professional education, particularly on newer vaccines. One provider links professional education to patient acceptance: 
Patient access issues
Distance to health facilities and lack of transportation was one of the major access issues perceived by providers to hinder maternal vaccine coverage (Table 6 ). Other providers cited the cost of medical services at private facilities and inter-clinic mobility as sources of patient attrition during antenatal care. In the words of one Mombasa-based provider,
"Private hospitals are established to make profits. The charges may keep them away."
Urban providers tended to express more frustration with patient mobility, as women in these settings often have access to 
Cost
We have high dropouts due to financial implications and they go to the public institutions.
Patient mobility and record-keeping I wish mothers could have cards to actually indicate that they have been vaccinated. It would be easier if we went paperless and had a database where you could click to verify one's vaccination history instead of trusting their word. There are some people who have the five doses of tetanus even before delivery and you will have no way of verifying it.

Tracing those who have defaulted is very difficult because people move up and down, and you are not sure if they get the same advice and consistency of the shots where they went.
several facilities offering the same services. This was linked to the notion that women often move during their pregnancy, leaving gaps in their medical records that are difficult to address without an integrated system. One Nairobi provider describes how patient mobility impacts coverage of TT2+ booster doses:
"The only challenge is that the subsequent doses like when the women delivers, coming for the other doses is a challenge and you know this is cosmopolitan town so people come… Somebody would deliver and they would even go away to their homes maybe in another county so we miss them out for the subsequent doses."
Discussion
Healthcare providers expressed favorable attitudes about currently available maternal immunizations, and the majority were open to providing new vaccines that may be in the pipeline, e.g. RSV.
In addition, providers viewed themselves as primarily responsible for promoting vaccine acceptance and providing vaccine information to their patients. Nurses and clinical officers alike highlighted the importance of educational resources for both patients and providers to maintain high levels of maternal immunization coverage. Most of the barriers to vaccine acceptance and delivery identified by HCPs were cultural and systematic in nature, including religious objections, time constraints, and financial challenges.
The effectiveness of detailed print materials describing the benefits and risks of childhood vaccinations has been demonstrated in randomized trials 12 . Providers in our sample emphasized the need for educational resources to facilitate in-clinic interactions with pregnant women, which are often limited by time constraints. This could mitigate some provider overwork issues by giving patients evidence-based materials that could be taken home. Although the Kenyan government has published a maternal and child health booklet that includes some vaccine information, supply issues have limited patient access. These shortages have been exacerbated following political decentralization as counties take on roles previously allocated to the national government. Future efforts to publish educational materials at county level could more easily be tailored to local needs. Providers suggested that multimedia and local language options for patient education materials would improve accessibility and impact, especially among women with limited English and Swahili literacy.
Continuing professional education to gain familiarity with vaccines other than tetanus toxoid was a major need cited by providers. Attitudes towards familiar vaccines are already overwhelmingly positive among providers, but some expressed hesitancy about vaccines that they had no experience administering. Studies have shown that when providers are confident in their own knowledge of medical services such as vaccines, they are more likely to effectively promote these services to their patients 11, 13 . Such professional updates need to be proactive so that providers are educated ahead of public vaccination campaigns and are prepared to deal with patient questions and concerns. This will be especially critical if new and less familiar vaccines, such as RSV and influenza, are introduced into national immunization schedules in the near future. It may also be beneficial to incorporate communication strategies into ongoing professional education efforts to empower providers to use their limited time with patients more effectively.
Finally, providers highlighted the need to engage religious and community leaders as allies in demand creation and promotion of new vaccines. As the drastic decline in polio vaccine coverage in northern Nigeria demonstrates, failure to elicit buy-in from influential religious groups can result in large-scale failure to promote even already familiar vaccines 14 . Similarly, recent efforts to introduce HPV vaccination in Kenya have met with resistance from Catholic leadership ( Table 2) . Providers suggested that religious groups could be engaged as allies to reach women who might otherwise not receive health messaging. Future efforts to support maternal vaccination should also include male decision-makers, including husbands, fathers, and brothers.
Limitations
Because a convenience sample of providers was interviewed, it is possible that selection bias towards those with higher vaccine knowledge or more positive vaccine attitudes occurred. Moreover, many providers were recruited and interviewed from their homes due to an ongoing healthcare workers' strike during the data collection period. Among public sector workers, the strike may also have influenced some responses, particularly those pertaining to working conditions. Private facility workers may also have been experiencing overwork and higher patient volumes due to closures of public facilities. In addition, more HCPs from private facilities not participating in the strike were recruited for interviews, resulting in oversampling from private facilities.
Conclusions
To maintain high coverage of TT2+ and to ensure widespread acceptance of future maternal vaccines, providers must be empowered to use effective, pro-vaccine messaging in their interactions with pregnant women. Communication strategies for vaccine promotion can be incorporated into current professional education efforts. Print materials for patient education may also facilitate these interactions, and political decentralization provides opportunities and challenges for county-level government to publish regionally tailored resources for patients and providers. Finally, cultural and religious influencers should be leveraged to facilitate the introduction of new maternal vaccines.
Methods
Study design
This analysis draws from a large, multi-component, mixed methods study of determinants of maternal vaccine acceptance, which includes data from pregnant women, healthcare providers, and key informants in Kenya. This paper considers only qualitative data from healthcare providers; however, triangulation with pregnant woman and key informant data was used to validate results.
Semi-structured interviews were conducted at 15 facilities in four diverse geographic areas. An interview guide (Supplementary File 1) was developed using a grounded theory approach drawing on observational data gathered in antenatal clinics (ANCs), literature review, and themes emerging from interviews of pregnant women. This approach was chosen to limit investigator bias and to account for a lack of qualitative vaccine acceptance literature relevant to the Kenyan context. Interviews covered topics including resources for vaccine delivery, experiences with patient education, knowledge of vaccines, and strategies for demand creation. 
Setting and population
Kenya was chosen as the site of the in-depth phase of the study due to its large birth cohort, relatively high vaccine coverage, and longstanding collaboration with the CDC through KEMRI. Interviews were conducted in four geographically diverse locations in country: Marsabit, Nairobi, Mombasa, and Siaya. These sites were purposively selected to create a sample representing a range of urban and rural locations (Table 7) . A convenience sample of healthcare providers representing 37 public and private facilities was recruited at each site until data saturation was reached; all providers who consented to participate were interviewed. Inclusion criteria were current employment as a healthcare provider, proficiency in English or Swahili, and ability to grant informed consent. Healthcare providers were defined as physicians, nurses, community health workers, and clinical officers (non-physician clinicians licensed by the Kenyan government who undergo additional training beyond that of nurses 15 ). Written informed consent, covering interview participation, transfer of data to the US for analysis, and presentation of de-identified portions of interview transcripts, was obtained prior to the start of each interview. Face-to-face interviews were conducted in English or Swahili at participants' places of employment, and in some cases, at their homes (to accommodate public sector workers who were on strike) between January and August 2017. Interviews were audio recorded, transcribed verbatim, translated where necessary by the data collection team, and assessed for accuracy by a team lead before analysis. No identifying information was included in written transcripts, which were stored on a secure server along with copies of the audio recordings.
Original audio recordings were deleted immediately following transcription.
Analysis
Principles of thematic analysis 16 informed our coding methodology. Codes were created both deductively and inductively through an iterative, team-based process based on interview guide questions and emergent themes captured by reading a sample of 12 transcripts from all sites. After finalization of the preliminary codebook, three transcripts representing different sites were selected and coded by the data analysis team [IB, SWN, CAA]. Inter-coder reliability was assessed using NVivo 11 Pro (QSR International Pty Ltd, Victoria, Australia), after which inconsistencies in coding were resolved and the codebook was revised to accommodate further emergent themes. After several iterations of this process, the codebook was finalized with inter-coder reliability at kappa >0. 8 This article presents the results of qualitative data collected during semi-structured interviews conducted as part of a large multi-component, mixed methods study, in four regions of Kenya. It aimed to describe issues around acceptance of maternal immunisation and demand creation by health care providers. The article is well written, with clear, concise descriptions of the six major themes which emerged from health care provider interviews. The findings concluded that HCP supported maternal immunisation, including the implementation of new vaccines, and that HCP play an important role in informing patients about availability and benefits of maternal immunisation. Additionally, ongoing training of HCPs and availability of educational resources for patients would be beneficial, as would regular engagement with religious and community leaders.
This article is important and well timed, and contributes to the small, but expanding pool of data on perceptions about maternal immunisation. The participants were nurses and clinical officers who work in public and private health provider facilities in both rural and urban areas. Participant choice was good, as nurses and clinical officers have extensive contact with patients, and are able to educate and advise patients. The under-sampling of public health care providers is a limitation, which has been reported by authors.
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